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(57) An amorphous alloy of light rare earth-transi- 
tion metal and semi-metal, having a perpendicular mag- 
netic anisotropy without decrease of magnetic moment 
of light rare earth metal in a short wavelength region, a 
magneto-optical recording layer made of the amor- 
phous alloy, and a magneto-optical disk adopting the 
magneto-optical recording layer are provided. Accord- 
ing to the magneto-optical recording layer, the semi- 
metal is added to the amorphous alloy of the light rare 
earth-transition metal to induce p-d electron orbit cou- 



pling between the transition metal and the added semi- 
metal of the amorphous alloy, thereby decreasing the 
demagnetizing energy of the amorphous alloy accord- 
ing to the decrease of a magnetic moment of the tran- 
sition metal, without any effect on the magnetic moment 
of the light rare earth metal. Therefore, the magneto- 
optical disk can attain magnetic anisotropy in the growth 
direction in a short wavelength region and a large Kerr 
rotation angle can be maintained as a magneto-optical 
recording medium having the excellent magneto-optical 
characteristics. 
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Description 

The present invention relates to a perpendicular 
magnetic anisotropy alloy, a magneto-optical recording 
layer made of the alloy and a magneto-optical disk s 
adopting the layer, and more particularly, to an amor- 
phous alloy of light rare earth-transition metal and a 
semi-metal (metalloid), a magneto-optical recording lay- 
er made of the amorphous alloy, which exhibits excellent 
magneto-optical characteristics in a short wavelength 10 
range, and a magneto-optical disk adopting the layer. 

A magneto-optical disk has high storage density 
compared to a conventional magnetic disk, and random 
access characteristics for facilitated searches. Thus, the 
magneto-optical disk is looked to as a high density re- is 
cording medium which can replace the hard disk and 
the magnetic tape. 

In a conventional method, the recording layer of the 
magneto-optical disk is manufactured by depositing a 
binary alloy of heavy rare earth -transit ion metal (HRE- 20 
TM) having a perpendicular magnetic easy axis with re- 
spect to the surface of the recording layer by using a 
sputtering or vapor deposition method. 

When terbium iron (TbFe) or terbium cobalt (TbCo) 
is used as the binary RE-TM alloy, a strong coercive 2s 
force and enough magneto-optical effects can be at- 
tained, however, corrosion resistance is low. 

To overcome the above problems, an alloy of the 
above binary alloy and another metal has been used as 
the material for the magneto-optical recording layer, 30 
which will be described in detail with reference to FIG. 1 . 

A ternary amorphous alloy of terbium iron cobalt 
(TbFeCo), which is excellent in the stability of informa- 
tion storage, however, suitable only for long wavelength 
laser beams (700~1,000nm) has been developed. 35 
Thus, when the amorphous TbFeCo alloy is used in the 
short wavelength region of 400nm for improving the 
magneto-optical recording density, Kerr rotation angle 
is decreased at the short wavelength region due to the 
transition of the electron of heavy rare earth metal Tb at 40 
a low energy level (i.e., long wavelength), from 4f to 5d, 
as shown in FIG. 1 , thereby reducing the Kerr rotation 
angle. The decrease of the Kerr rotation angle lowers a 
carrier-to-noise ratio (CNR) which represents reproduc- 
ing characteristics of the magneto-optical recording me- 4s 
dia. Thus, the amorphous alloy of TbFeCo is not desir- 
able as the material for the recording layer of the record- 
ing medium in short wavelengths for high density re- 
cording. 

To solve the above problems, an alloy of light rare so 
earth-transition metal (LRE-TM) of neodymium iron co- 
balt (NdFeCo) which increases the Kerr rotation angle 
in the short wavelength region as shown in FIG. 1 has 
attracted attention as the material for the recording layer 
of a magneto-optical recording medium in short wave- ss 
lengths. However, since the alloy of NdFeCo is ferro- 
magnetically coupled, the demagnetizing energy is 
high. Thus, the alloy of NdFeCo does not have perpen- 



dicular magnetic anisotropy to the surface of a recording 
layer, so that the alloy cannot be used as material for 
the recording layer of the magneto-optical recording me- 
dium in short wavelengths. 

To solve the above problem, the light rare earth met- 
al has been partially substituted with a heavy rare earth 
metal. That is, an amorphous alloy of neodymium terbi- 
um iron cobalt (NdTbFeCo) has been developed in 
which the ferro-magnetic coupling is partially substituted 
by a ferri-magnetic coupling to decrease the demagnet- 
izing energy, so that perpendicular magnetic anisotropy 
to the surface of a recording layer can be induced. How- 
ever, in the case of the alloy of NdTbFeCo, the Kerr ro- 
tation angle is reduced in the short wavelength region 
as much as the magnetic moment of the light rare earth 
metal substituted by the heavy rare earth metal, as 
shown in FIG. 1. 

Summary of the Invention 

To solve the above problems, it is an object of the 
present invention to provide an alloy which can attain 
perpendicular magnetic anisotropy to the surface of a 
recording layer without decrease of magnetic moment 
of light rare earth metal, a magneto-optical recording 
layer for a high density magneto-optical recording, and 
a magneto-optical disk adopting the recording layer. 

To achieve the above object, there is provided an 
amorphous alloy of light rare earth -trans it ion metal and 
semi-metal, which can attain perpendicular magnetic 
anisotropy in a short wavelength region without de- 
crease of magnetic moment, wherein light rare earth 
metal is at least one selected from the group consisting 
of cerium (Ce), praseodymium (Pr), neodymium (Nd), 
promethium (Pm), samarium (Sm), europium (Eu) and 
gadolinium (Gd), transition metal is at least one selected 
from the group consisting of iron (Fe), nickel (Ni) and 
cobalt (Co), and semi-metal is at least one selected from 
the group consisting of boron (B), silicon (Si) and phos- 
phorus (P). 

In the above amorphous alloy, preferably, the con- 
tent of the light rare earth metal is 20-30 atomic%, that 
of the transition metal is 65-79.5 at.%, and that of the 
semi-metal is 0.5—5 at.%. 

To achieve the above object, the magneto-optical 
recording layer is formed of the amorphous alloy. 

The magnetooptical disk of the present invention 
includes the magneto-optical recording layer made of 
the amorphous alloy of the light rare earth-transition 
metal and the semi-metal. 

Brief Description of the Drawings 

The above object and advantages of the present in- 
vention will become more apparent by describing in de- 
tail a preferred embodiment thereof with reference to the 
attached drawings in which: 
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FIG. 1 is a graph showing the Kerr rotation angles 
of amorphous alloys of TbFeCo, NdFeCo and NdT- 
bFeCo, which are used as the material for a con- 
ventional magneto-optical recording layer, accord- 
ing to the wavelengths, wherein the Kerr rotation 
angle of the TbFeCo alloy is a saturation value 
measured in in-plane direction; 
FIG. 2 is a schematic cross-sectional view of a mag- 
neto-optical disk according to a preferred embodi- 
ment of the present invention; 
FIG. 3 is a graph showing the saturation magneti- 
zation and the perpendicular magnetic anisotropic 
energy of an alloy used for forming the magneto- 
optical recording layer of the present invention, ac- 
cording to the content of semi-metal added to the 
amorphous alloy of light rare earth-transition metal; 
FIG. 4 is a graph showing the coercive force of the 
alloy used for forming the magneto-optical record- 
ing layer of the present invention, according to the 
content of semi-metal added to the amorphous alloy 
of the light rare earth-transition metal; 
FIG. 5 is a graph showing the Curie temperature of 
the alloy used for forming the magneto-optical re- 
cording layer of the present invention according to 
the content of semi-metal added to the amorphous 
alloy of the light rare earth-transition metal; 
FIG. 6 is a graph showing the Kerr rotation angle in 
a short wavelength region according to the content 
of semi-metal added to the amorphous alloy of the 
light rare earth -transition metal in the magneto-op- 
tical disk shown in FIG. 2; 

FIG. 7 is a graph showing the carrier-to-noise ratio 
(CNR) according to the content of semi-metal add- 
ed to the amorphous alloy of the light rare earth - 
transition metal in the magneto-optical disk of the 
present invention; and 

FIG. 8 is a graph showing the relative CNR accord- 
ing to the number of recording and erasing process- 
es in the magneto-optical disk of the present inven- 
tion. 

Detailed Description of the Invention 

According to the present invention, an amorphous 
alloy of light rare earth-transition metal and semi-metal, 
and a magneto-optical recording layer formed of the 
amorphous alloy, and a magneto-optical disk including 
the magneto-optical recording layer are provided. 

The magneto-optical disk according to a preferred 
embodiment of the present invention includes a reflec- 
tion preventing layer made of dielectric material, formed 
on a substrate, a magneto-optical recording layer 
formed on the reflection preventing layer, which is made 
of an amorphous alloy of light rare earth -transition metal 
and semi-metal, a protection layer formed on the mag- 
neto-optical recording layer, for protecting the magneto- 
optical recording layer, and a reflection layer formed on 
the protection layer. 



Preferably, light rare earth metal is at least one se- 
lected from the group consisting of cerium (Ce), praseo- 
dymium (Pr), neodymium (Nd), promethium (Pm), sa- 
marium (Sm), europium (Eu) and gadolinium (Gd), tran- 
s sition metal is at least one selected from the group con- 
sisting of iron (Fe), nickel (Ni) and cobalt (Co), and semi- 
metal is at least one selected from the group consisting 
of boron (B), silicon (Si) and phosphorus (P). 

Also, in the above amorphous alloy, preferably, the 
10 content of the light rare earth metal is 20—30 at.%, and 
that of the transition metal is 65—79.5 at.%. 

Preferably, in the amorphous alloy of light rare 
earth-transition metal and semi-metal as material of the 
magneto-optical recording layer of the present inven- 
ts tion, the content of the semi-metal is preferably 0.5—5 
at.% with respect to the alloy, particularly, about 2.5—5 
at.% of boron (B), preferably, 0.03 at.%, about 1 .5—5 at. 
% of silicon (Si), preferably, 0.02 at.% and about 0.5—5 
at.% of phosphorous (P), preferably, 1 at.%, as the semi- 
20 metal. 

Preferably, as a dielectric material of the reflection 
preventing layer, SiN is mainly used, however, Si 3 N 4 , 
SiO or SiO a may be used as well. 

Preferably, as a material of the protection layer, SiN 
2S js mainly used, however, Si 3 N 4 , SiO or Si0 2 may be 
used as well. 

Also, as a material of the reflection layer, aluminum 
(Al) alloy or gold (Au) alloy is used. 

Preferably, the thickness of the magneto-optical re- 
30 cording layer is 10A— 1 ujti. That is, when the thickness 
of the magneto-optical recording layer is below 1u,m, 
perpendicular magneto anisotropy is maintained in a de- 
sirable level. 

The operational principle of a magneto-optical re- 
35 cording layer having the above characteristics will be 
described. 

When an amorphous alloy is fabricated by adding 
a semi-metal to an amorphous alloy of light rare earth- 
transition metal, free electrons emitted from p orbit of 

40 the semi-metal shift to d orbit of the transition metal 
which is not fully filled, p-d electron orbit coupling be- 
tween the semi-metal and the transition metal is in- 
duced, which decreases the magnitude of the saturation 
magnetization. As a result, the demagnetizing energy is 

45 decreased to induce a magnetic anisotropy. At this time, 
the Kerr rotation angle is not affected since the semi- 
metal does not affect unfilled 4f orbit which determines 
the magnetic moment of the light rare earth metal. Thus, 
the amorphous alloy of the light rare earth -transition 

so metal and semi-metal is excellent as the material for the 
recording layer of the magneto-optical recording medi- 
um in a short wavelength range. 

FIG. 2 is a schematic cross-sectional view of a mag- 
neto-optical disk for a short wavelength according to a 

55 preferred embodiment of the present invention. 

In FIG. 2, a reflection preventing layer 2 made of 
dielectric material such as silicon nitride (SiN), which 
prevents reflection, is formed on a transparent substrate 
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1 , and a magneto-optical recording layer 3, which char- 
acterizes the present invention, is formed on the reflec- 
tion preventing layer 2. Here, the thickness of the mag- 
neto-optical recording layer 3 should be below 1um Al- 
so, a protection layer 4 made of a dielectric material 
such as silicon nitride (SiN) and a reflection layer 5 are 
stacked on the magneto-optical recording layer 3 in se- 
quence. 

In order to investigate the characteristics of the alloy 
of the light rare earth-transition metal and semi-metal, 
and of the magneto-optical disk adopting the magneto- 
optical recording layer as a recording medium, first the 
alloy is fabricated, and then the magneto-optical record- 
ing layer using the alloy and the magnetooptical disk 
adopting the recording layer are fabricated. 

For manufacturing the magneto-optical disk, first, 
an alloy target for forming an amorphous magneto-op- 
tical recording layer is prepared by adding an amor- 
phous alloy of light rare earth-transition metal to a semi- 
metal. Then, the obtained alloy is sputtered on the trans- 
parent substrate on which a SiN layer as a reflection pre- 
venting layer is formed. Here, a physical vapor deposi- 
tion (PVD) or chemical vapor deposition (CVD) method 
may be used instead of the sputtering method. Also, 
Si 3 N 4 , SiO or Si0 2 may be used instead of SiN. Subse- 
quently, SiN is again deposited on the amorphous mag- 
neto-optical recording layer to form the protection layer, 
and an aluminum (Al) reflection layer is then stacked on 
the resultant. Here, as a material of the protection layer, 
Si 3 N 4 , SiO or Si0 2 may be used instead of SiN, and Al 
alloy or Au alloy may be used as a material of the reflec- 
tion layer. 

FIGS. 3 through 8 are graphs showing the charac- 
teristics of the alloy for forming the magneto-optical re- 
cording layer of the present invention, the magneto-op- 
tical recording layer, and the magneto-optical disk, 
wherein an alloy of neodymium iron cobalt boron (Nd- 
feCoB) as the amorphous alloy of the amorphous light 
rare earth-transition metal and semi-metal was used to 
form the magneto-optical recording layer. 

FIG. 3 is a graph showing the saturation magneti- 
zation (line A) and the perpendicular magnetic aniso- 
tropic energy (line B) according to the content of semi- 
metal added to the amorphous alloy of light rare earth- 
transition metal. 

When the content of semi-nhetal with respect to the 
alloy for forming the magneto-optical recording layer is 
2-3 at.%, the saturation magnetization of the alloy is 
sharply decreased. The decrease in saturation magnet- 
ization induces a decrease in the demagnetizing energy. 
As a result, the perpendicular magnetic anisotropy is in- 
duced in the amorphous alloy of the light rare earth-tran- 
sition metal to which the semi-metal is added. 

As above, since free electron emitted from the semi- 
metal added to the alloy of light rare earth -transition met- 
al can not couple with 4f orbit determining a magnetic 
moment due to a protection function by 5s and 5p orbits 
which are outer orbits of 4f orbit, can couple with only 



3d orbit of the transition metal without an outer protec- 
tion orbit, the magnetic moment of the whole alloy is de- 
creased and then demagnetizing energy of the alloy is 
also decreased. As a result, the alloy of the present in- 
vention comes to have perpendicular magnetic anisot- 
ropy, providing an excellent optical magnetic effect at 
the short wavelength region. 

FIG. 4 is a graph showing the coercive force of the 
alloy used for forming the magnetooptical recording 
layer according to the content of semi-metal added to 
the amorphous alloy of the light rare earth-transition 
metal. When the content of semi-metal with respect to 
the alloy for forming the magneto-optical recording layer 
is 2-4 at.%, preferably, about 3 at.%, the coercive force 
of the alloy is high. This is because the elastic energy 
of the amorphous alloy increases by the p-d electron or- 
bit coupling. This increased coercive force is sufficient 
for stable storage of information, so that the amorphous 
alloy of the light rare earth -transition metal can be used 
as the material for the recording layer of a recording me- 
dium in a short wavelengths. 

FIG. 5 is a graph showing the Curie temperature of 
the alloy used for forming the magneto-optical recording 
layer according to the content of semi-metal added to 
the amorphous alloy of the light rare earth -trans it ion 
metal. As shown in FIG. 5, when the content of semi- 
metal with respect to the alloy for forming the magneto- 
optical recording layer is 2-5 at.%, the Curie tempera- 
ture of the alloy is not changed severely. That is, the 
Curie temperature is maintained in a proper range, near 
180°C, for the magnetooptical recording. 

FIG. 6 is a graph showing the Kerr rotation angle in 
a short wavelength region (400nm) of a magnetooptical 
disk of the present invention, according to the content 
of semi-metal added to the amorphous alloy of the light 
rare earth -trans it ion metal. When the content of the 
semi-metal with respect to the alloy for forming the mag- 
netooptical recording layer is 2-3 at.%, the Kerr rota- 
tion angle greatly increases. Also, when the content of 
the semi-metal is 2-5 at.%, the Kerr rotation angle re- 
mains in a range of 1.4-1.6° which is suitable for the 
magnetooptical recording in the short wavelength. This 
is because the added semi-metal reacts on the transi- 
tion metal without any effect on the light rare earth metal. 
That is, the short wavelength laser beam of 400nm is 
irradiated on the magnetooptical recording layer of the 
disk to shift the electrons of light rare earth metal from 
the 4f orbit to the 5d orbit, so that the magnetooptical 
energy is emitted with high energy, resulting large Kerr 
rotation angle at the short wavelength region. 

FIG. 7 is a graph showing the carrier-to-noise ratio 
(CNR) of the magnetooptical disk of the present inven- 
tion in the short wavelength region (400nm), according 
to the content of semi-metal added to the amorphous 
alloy of the light rare earth -transition metal, wherein the 
CNR represents a reproducing characteristic. As shown 
in FIG. 7, the content of the semi-metal with respect to 
the alloy for forming the magnetooptical recording layer 
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was increased up to 5 at.%, however, the CNR remains 
in the level of about 50dB. Here, the CNR remains at a 
high level, thus the magneto-optical disk of the present 
invention can be used as a high density magneto-optical 
recording medium. 5 

FIG. 8 is a graph showing the CNR of the magneto- 
optical disk of the present invention according to the 
number of recording and erasing processes. As shown 
in FIG. 8, even after the recording and erasing process- 
es are repeated to 10 6 times, the CNR does not de- 10 
crease. That is, this graph shows the reliability and du- 
rability of the magneto-optical disk of the present inven- 
tion as a magneto-optical recording medium. 

When the experiment of the above embodiment is 
repeated using Si and P instead of B as the semi-metal, *s 
excellent result was also obtained. That is, the result is 
preferable at about 1 .5—5 at.% of Si, particularly, about 
2 at.%, and about 0.5%— 5 at.% of P, particularly, about 
1 at.%. At the above levels, the perpendicular magnetic 
anisotropy is induced from the amorphous alloy of the 
light rare earth-transition metal and semi-metal, so that 
the amorphous alloy can preferably be used as materi- 
als for the magneto-optical recording layer for a short 
wavelength, and for the magneto-optical disk adopting 
the recording layer. 

As described above, according to the magneto-op- 
tical recording layer of the present invention, semi-metal 
is added to the amorphous alloy of the light rare earth- 
transition metal to induce the p-d electron orbit coupling 
between the transition metal of the amorphous alloy and 
the added semi-metal, thereby decreasing the demag- 
netizing energy of the amorphous alloy without any ef- 
fect on the magnetic moment of the light rare earth met- 
al. Thus, the magneto-optical disk of the present inven- 
tion can attain perpendicular magnetic anisotropy to a 
recording layer in the short wavelength region and the 
large Kerr rotation angle can be maintained for used as 
a magneto-optical recording medium having excellent 
magneto-optical characteristics. 

While the present Invention has been illustrated and 
described with reference to specific embodiment, this 
invention is not limited to the particular forms illustrated 
and further modifications and alterations will occur to 
those skilled in the art within the spirit and scope of this 
invention. 



Claims 

1. An amorphous alloy of light rare earth-transition 
metal and semi-metal, which can attain perpendic- 
ular magnetic anisotropy in a short wavelength re- 
gion without decrease of magnetic moment of light 
rare earth metal, wherein light rare earth metal is at 
least one selected from cerium (Ce), praseodymium 
(Pr), neodymium (Nd), promethium (Pm), samarium 
(Sm), europium (Eu) and gadolinium (Gd), transi- 
tion metal is at least one selected from iron (Fe), 



nickel (Ni) and cobalt (Co), and semi-metal is at 
least one selected from boron (B), silicon (Si) and 
phosphorus (P). 

2. An amorphous alloy of light rare earth-transition 
metal and semi-metal as claimed in claim 1 , where- 
in the content of said light rare earth metal is 20—30 
atomic%, that of said transition metal is 65—79.5 at. 
%, and that of said semi-metal is 0.5-5 at.%. 

3. A magneto-optical recording layer for a short wave- 
length, said magneto-optical recording layer made 
of an amorphous alloy of light rare earth-transition 
metal and semi-metal. 

4. A magneto-optical recording layer as claimed in 
claim 3, wherein said light rare earth metal is at least 
one metal selected from Ce, Pr, Nd, Pm, Sm, Eu 
and Gd. 

5. A magneto-optical recording layer as claimed in 
claim 3, wherein said transition metal is at least one 
metal selected from Fe, Ni and Co. 

6. A magneto-optical recording layer as claimed in 
claim 3, wherein said semi-metal is at least one 
semi-metal selected from B, Si and P, and the con- 
tent of said semi-metal with respect to said alloy is 
0.5—5 atomic%. 

7. A magneto-optical recording layer as claimed in 
claim 6, wherein the semi-metal is B and the content 
of said semi-metal with respect to said alloy is 
2.5—5 atomic%. 

8. A magneto-optical recording layer as claimed in 
claim 6, wherein the semi-metal is Si and the con- 
tent of said semi-metal with respect to said alloy is 
1.5—5 atomic%. 

9. A magneto-optical recording layer as claimed in 
claim 6, wherein the semi-metal is P and the content 
of said semi-metal with respect to said alloy is 
0.5—5 atomic%. 

1 0. A magneto-optical disk comprising a magneto-opti- 
cal recording layer as claimed in claim 3. 

11. A magneto-optical disk as claimed in claim 1 0, com- 
prising a magneto-optical recording layer according 
to any of claims 4 to 9. 

12. A magneto-optical disk comprising: 

a reflection preventing layer made of dielectric 
material, formed on a substrate; 
a magneto-optical recording layer formed on 
said reflection preventing layer, which is made 



25 



30 



35 



40 



45 



50 



5 



INSDOCID: <EP 0770996A2J_> 



BNS page 5 



9 



EP 0 770 996 A2 



of an amorphous alloy of light rare earth-tran- 
sition metal and semi-metal; 
a protection layer formed on said magneto-op- 
tical recording layer, for protecting said magne- 
to-optical recording layer; and s 
a reflection layer formed on said protection lay- 
er. 

13. A magneto-optical disk as claimed in claim 12, com- 
prising a magneto-optical recording layer according 10 
to any of claims 4 to 9. 

1 4. A magneto-optical disk as claimed in claim 1 2 or 13 
wherein said reflection preventing layer is formed 

of one dielectric material selected from the group is 
consisting of SIN, Si 3 N 4> SiO and Si0 2 . 

15. A magneto-optical disk as claimed in any of claims 
12 to 14, wherein said protection layer is formed of 
one dielectric material selected from SiN, Si 3 N 4 , 20 
SiO and Si0 2 . 

1 6. A magneto-optical disk as claimed in any of claims 
12 to 1 5, wherein said reflection layer is formed of 
one metal alloy selected from aluminum (Al) alloy 25 
and gold (Au) alloy. 

17. A magneto-optical disk as claimed in any of claims 
12 to 16, wherein the thickness of said magneto- 
optical recording layer is 10A~ 1um 30 
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FIG. 1 (PRIOR ART) 
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